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The First Movie of a Single Molecule in Motion

Single-Molecule, Atomic-Resolution Time-resolved

Electron Microscopy (SMART-EM) or Cinematic Chemistry
T W R, TR T W —— T

CooHys

CooHys

AR-TEM

A, sub-millisecond
VTNV (temp/energy)
Stability

SMART-EM

Analysis Synthesis
Graphical (PH) Ultra-micro scale

ZC model Organic/Inorganic
ML /DL Nanocarbon

K. Suenaga, H. Isobe, E. Nakamura et al. Science 2007, 316, 853.



Presented in the pre-symposium

™
©
N~
¥
)
<+
T~
-
AN
o
N
o
o
wn
S
2
@)
g
<
)
IS
D
o
S
£
]
X
©
pzd
=

M. Sakakibara et al. ACS Cent. Sci. 2022, 8, 1704.
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diameter = ~13.5 nm ~4.5 nm

Thermodynamic stability
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Topic: Size-dependent Polymorphism

Coupter Martensitic
expitaxy transformation
RS R RS @
—» IRXIRZIR —> —>
AR R ()
B2 phase Lig. phase

Additional:

gy

1L! > critical size

'| Frequency of n/6 transitions/s
. :|and T, (n)/Te(n) measured
'| over time at 110 K and 298 K

Micro-meter world
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Nanotest Tube Method
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298 K, vacuum

50 fps, EDR of 4.0 X 105 e~ nm—=2 s~
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Structural Analysis of Unknown Polymorph
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PR =5 .
X @ J. M. Léger et al., J. Phys.: Condens:
B1 phase B2 phase Lig. phase Matter 1998, 10, 4201.
(B33 structure at 40 GPa)

A. Navrotsky et al., Science 1997, 277, 788.
M. Sakakibara et al., ChemRxiv (10.26434/chemrxiv-2024-ms4t7)



Stability of Nanocrystalline Polymorphs Reversed
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A. Navrotsky et al., Science 1997, 277, 788.

M. Sakakibara et al., ChemRxiv (10.26434/chemrxiv-2024-ms4t7)
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CsCl Nucleates as NaCl-type

Nucleation Phase Transition
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CsCl Nucleates as NaCl-type
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(e.g., 8.60 s) (e.g.,9.16 s)

50 fps, EDR of 3.4 X 106 e~ nm—2 s
298 K, vacuum

T o

v »




Summary of This Topic

« TEM direct imaging of nucleation/growth of nanocrystals enabled the exploration of

Its mechanism and size dependency in polymorphism.

designing

insights  for

important

 Nano-specific polymorphs can give us

nanomaterials with unigue structures.
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Chemical Coating: Unrestricted Observation Space

Na[AI(OH)4] | Al(OH);

....
r.t.,, 24 h oo

Analyzed by PXRD and TG-DTA

Insoluble AI(OH); was deposited onto CNTs through
hydrolysis & heterogeneous nucleation.
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4.6 X 106
e~ nm—= s, OneView-IS, 50 fps, Scale bar: 2

nm, 298 K)
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Structural Changes of Au in TEM: S. lijima
et al. Phys. Rev. Lett. 1986, 56, 616.

(x2,000,000, 298 K, 80 kV, EDR
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Time-Evolution of Structural Features
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Stabler 6-Al,O; became dominant
P e+ inthe late stage of nucleation.




Fluxionality Frozen at Low Temperature

_ T": melting point, T: Experimental Temp.
c,melt,het A Hf AT (at 10 K)




Polymorphic Transition by Fast Observations
A A+Liquid Liquid+B PhaseB
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Fluxionality during Crystallization

Size-dependent
stochastic structural
fluctuation

Nucleating cluster

0900
2000

M. Sakakibara et al., ChemRxiv (10.26434/chemrxiv-2024-g8tI8)

Fluxionality
V. Fung, D.-e. Jiang, J. Phys. Chem. C 2017, 121, 10796. 17
Z. Zhang, B. Zandkarimi, A. N. Alexandrova, Acc. Chem. Res. 2020, 53, 447.



Sub-micrometer: Uniformization of Terrace-Width on CaO
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Micrometer: Excitation Causes Molecular Disordering in Lattices by ED

e-beam
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1: Adamantane 2: Au (~100 nm) 4: Coronel
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5: Benzoquinone 6: Phthalocyanine 7: Benzimidazole
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Molecular Disordering Corresponds to Melting in Bulk
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D. Liu et al., Science in press. (10.1126/science.adk3620)
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Conclusion & Perspectives
Size Evolution

Molecule Mesoscopic Macroscopic
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. Emergence of Irreversibility

Establishment of “Cinematic Chemistry” will allow us to experimentally
explore the relation between deterministic chemical processes in molecular
assembly and the stochastic behavior of individual atoms/molecules.
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